Extending out from the base is a hollow needle structure, made up of repeating subunits of YscF. The pore forming structure at the end of the needle is called the translocon (12) . This structure is made up of three proteins: LcrV, YopB, and YopD (13) . LcrV creates a base on the tip of the YscF proteins that make up the needle (14) and functions to help insert the hydrophobic translocator proteins, YopB and YopD, into the host membrane (13) . Effector proteins in Y. pestis are collectively referred to as Yops (Yersinia outer proteins) and mediate an overall repression of the host immune system's response to the bacteria (15) .
Regulation of the T3S system is a complex process, occurring at several distinct levels, including at the level of activation of the Ysc apparatus. Under in vivo conditions, cell contact is known to trigger secretion of effectors by the Ysc (16) . How the secretion inducing signal is relayed to the inside of the bacteria is not known, although prominent theories suggest a conformational change occurs in proteins of the T3S that transmits the message to appropriate regulatory molecules (17) . Under in vitro conditions, the Y. pestis T3S system can be triggered by depleting calcium from the medium (18) , this response is known as the Low Calcium Response (LCR) and results in growth restriction as well as secretion of effectors. Several proteins are involved in the both negative and positive regulation of secretion from inside the bacteria. LcrG functions a negative regulator of secretion to block secretion. The LcrG-mediated block is alleviated by conditions that promote LcrG's interaction with LcrV (19) . LcrV is known to function as a positive activator of secretion, functioning by neutralizing LcrG's negative effect on Yops secretion (20) . YopN (a second negative regulator of secretion), its chaperones SycB and SycN, along with TyeA, form a complex that also blocks secretion of Yops (21) . The YopN-mediated secretion block is then relieved by secretion of YopN (22) after activation of the LCR. Deletion of these LCR regulatory proteins results in altered growth of the bacteria and altered abilities to secrete Yops that are classified in two groups; 1) calcium independent or 2) calcium blind (temperature sensitive). In calcium independent mutants, Yops secretion does not occur after a secretion-activating event, e.g. strains lacking LcrV (23) . In calcium blind mutants, growth is always restricted and in some strains secretion occurs regardless of triggering the system and Yops are constitutively secreted, e.g. strains lacking LcrG (24) or YopN (25) .
Also critical in the regulatory function of the T3S system are chaperone proteins that assist in movement of proteins to the secretion apparatus (14) . LcrH/SycD is the chaperone protein for YopD and YopB (26) . Along with its chaperone duties, LcrH together with YopD have been implicated in post-transcriptional regulation of Yops expression (27) . Deletion of either LcrH or YopD results in constitutive production of Yops in the presence of calcium (28) . The mechanism of this regulation is binding of the YopD/LcrH complex to the 5' end of target mRNA, thus preventing ribosome binding and subsequent translation (29) .
In this study the LCR was utilized to evaluate secretion of Yops in the presence of 2,2'-thiobis-(4-methylphenol) (Compound D). Compound D effectively inhibited Yops secretion by Y. pestis and decreased secretion of effectors by Pseudomonas GGA TCC TCA TTT ACC AGA CGT GTC ATC TAG C 3'). Plasmid pMH166, for production of YopD, was constructed by cloning a BamHI and NdeI cleaved PCR product into pET9. The primers used to amplify yopD were YopDStart (5' GGA ATT CCA TAT GCA TCA TCA TCA TCA TCA TAC AAT 3') and YopDstop (5' GCG GGA TCC TCA GAC AAC ACC AAA AGC GGC 3'). and incubation was continued for an additional 6 h. Escherichia coli strains were grown at 37°C in LB broth or on TBA plates with antibiotics added as needed. Antibiotics were used at the following concentrations: kanamycin, 50 g/ml, and carbenicillin, 50 g/ml.
Media and growth conditions

Sample preparation
After 4 h of growth at 37°C in HIB, samples from Y. pestis cultures were taken for analysis of Yops secretion and expression. Whole cells were separated from cell-free culture supernatants by centrifugation for 5 min at 16,400 x g and 4°C as previously described (32) . Proteins were precipitated from whole cell or culture supernatant fractions with 10% trichloroacetic acid (w/v, TCA), and subsequently dissolved at 0.1 A 620 •ml in 2x SDS-PAGE sample buffer (33) .
Protein electrophoresis and immunoblot detection
Whole cell and supernatant protein samples were used to load single lanes for SDS-polyacrylamide gel electrophoresis (SDS-PAGE) according to the method described by Laemmli (34). Samples were boiled for 10 min before loading on gels.
Proteins separated by SDS-PAGE were then transferred to Immobilon-P membrane followed by color development with 5-bromo-4-chloro-3-indolylphosphate/nitroblue tetrazolium (NBT-BCIP, Thermo Fisher Scientific, Chicago, IL).
His-tagged Protein Isolation
Escherichia coli BL-21 (DE3) carrying plasmids for a given protein were grown overnight in non-inducing media (50xM, 1M MgSO 4 , 40% glucose, 5% Aspartic Acid, 
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